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(57) ABSTRACT

Provided 1s a motion guide device having a scooping portion
that 1s not damaged even when a moving member 1s moved at
high speed.

When seen 1n an axial direction of a track shatft 1, a direction
change path 10 1s inclined relative to a contact angle line L1
(line connecting a center C of a ball 3 and a bottom P1 of a ball
rolling groove 1a). The direction change path 10 including a
scooping portion 17 has a cross section of Gothic arch groove
shape formed of two arcs R1 1n such a manner that the ball 3
1s 1n contact with the direction change path 10 at two points.
The direction change path 10 1s twisted in such a manner that
a locus 18 of the top of the Gothic arch groove shape

approaches the contact angle line L1 at the scooping portion
17.

3 Claims, 24 Drawing Sheets
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1
MOTION GUIDE DEVICE

TECHNICAL FIELD

The present invention relates to a motion guide device
having a moving member moving relative to a track member,
such as a linear guide, a ball spline and the like.

BACKGROUND ART

A motion guide device 1s mounted 1n a robot, a machine
tool or a semiconductor/liquid crystal manufacturing appara-
tus and 1s used to guide linear movement or curvilinear move-
ment ol a moving body.

Known as a motion guide device are a linear guide, a ball
spline and the like. The linear guide has, as 1llustrated 1n FIG.
15, a track rail 31 having ball rolling grooves 31a formed
therein, and a moving block 33 mounted on the track rail 31
via a plurality of balls 32 to be slidable along the track rail 31.
In the moving block 33, a plurality of loaded ball rolling
grooves 32a facing the ball rolling grooves of the track rail 31
and ball return paths 38 1n parallel with the loaded ball rolling
grooves 32a are formed. To each traveling-directional end of
the moving block 33, an end plate 34 is attached. In the end
plate 34, a U-shaped direction change path 335 i1s formed
connecting the loaded ball rolling grooves 32a and the ball
return paths 38 extending in parallel with each other. These
loaded ball rolling groove 32a, ball return path 38 and direc-
tion change path 35 constitute a circular ball circulation path.

After rolling 1n the ball rolling groove 31a of the track rail
31, each ball 1s scooped up by a scooping portion 37 at the
lower end of the end plate 34 and enters the direction change
path 35. Then, the ball passes through the ball return path 38
and the opposite-side direction change path 35, and then the
ball 1s pushed by the following ball 32 to enter the ball rolling,
groove 31a at the scooping portion 37.

In such a motion guide device, when the moving block 33
1s moved at high speed, the scooping portion 37 at the lower
end of the end plate 34 1s sometimes damaged, which 1s a
problem. This damage 1s caused because when the ball 32
rolls from the direction change path 35 into the ball rolling
groove 31a, the ball 32 pushes the scooping portion 37 out-
ward by a centrifugal force or the ball 32 1s pushed near the
scooping portion 37 toward the outside of the scooping por-
tion 37 by a meandering follow-on ball 32. Besides, when the
ball 32 1s scooped up from the ball rolling groove 31a, a
scooping force 1s applied to the scooping portion 37.

In order to solve this problem, there has been developed a
motion guide device of which a scooping portion 1s hardly
damaged even when the motion guide device 1s operated at
high speed. For example, as shown in FIG. 16, the motion
guide device as developed has a scooping portion 37 of which
a t1ip end 1s cut off and a cut surface 37a 1s a flat surface
perpendicular to the ball rolling groove 31a (see patent docu-
ment 1). According to the mvention disclosed 1n the patent
document 1, as the sharp-pointed tie end of the scooping
portion 37 1s cur off, 1t 1s possible to enhance the strength of
the scooping portion 37. However, as the cut surface 37a 1s the
flat surface perpendicular to the ball rolling groove 314, it 1s
difficult to circulate a ball 32 smoothly.
| Patent Document 1] Japanese Patent Laid-open Publication

No. 2004-68880
[ Non-Patent Document 1] Japanese Patent Application No.

2004-246524
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2
DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

In the meantime, 1n a motion guide device such as a linear
guide, a ball spline or the like, as shown 1n the left-side view
of FIG. 17, the center line 36 of the direction change path 35
seen 1n the axial direction of the track rail 31 usually agrees
with the contact angle line L1 of the ball 32 (line connecting
the center of the ball 32 and the bottom of the ball rolling
groove, the definition of the contact angle line will be
described later). In this case, the locus of the top of the Gothic
arch groove shape 1s positioned on the contact angle line L1.
Then, the ball 32 moves in the direction of the contact angle
line L1 in the direction change path 35.

However, 1in view of the space problem, the contact angle
line L1 1s sometimes required to be inclined relative to the

direction change path 35. The night-side view of FIG. 17

shows the contact angle line which 1s inclined from L1 to L1’
relative to the direction change path 35. When seen from the
contact angle line L1', the direction change path 35 1s said to
be inclined. For example, 1n a linear guide shown 1n FIG. 18,
the direction change path 35 1s inclined relative to the contact
angle line L1 1n consideration of the space problem.

When the direction change path 35 1s inclined and still has
a Gothic arch groove shape, as shown 1n FI1G. 17, a ball 32 1s
scooped up by one side 354 of the Gothic arch groove shape.
When the ball 32 1s returned from the direction change path
35 to the ball rolling groove 31a, the ball 1s 1n contact only
with the one side 354 of the Gothic arch groove shape. In
other words, the ball 32 1s always 1n contact with the one side
35a of two-side Gothic arch groove shape and i1s never 1n
contact with the other side 3554. With this structure, the Gothic
arch groove shape produces little effect. Accordingly, when
the ball 1s rolled at high speed, the scooping portion may be
damaged.

Then, the present invention has an object to provide a
motion guide device having a scooping portion which 1s not
damaged even when the moving member 1s moved at high
speed.

Means for Solving the Problem

The present invention will now be described below.

In order to solve the above-mentioned problems, the inven-
tion of claim 1 1s a motion guide device 1 comprising: a track
member having a ball rolling groove formed therein; a mov-
ing member having formed therein a loaded ball rolling
groove facing the ball rolling groove, a ball return path
extending 1n parallel with the loaded ball rolling groove and a
direction change path connecting the loaded ball rolling
groove and the ball return path; and a plurality of balls
arranged 1n a ball circulation path including the loaded ball
rolling groove, the ball return path and the direction change
path, after rolling in the ball rolling groove of the track mem-
ber each of the balls being scooped up into the direction
change path by a scooping portion of the direction change
path, and the ball in the direction change path being returned
to the ball rolling groove by the scooping portion, wherein the
direction change path 1s 1inclined relative to a contact angle
line (line connecting a center of the ball and a bottom of the
ball rolling groove) when seen 1n an axial direction of the
track member, the direction change path including the scoop-
ing portion has a cross section of Gothic arch groove shape
tformed of two arcs 1n such a manner that the ball 1s 1n contact
with the direction change path at two points, and the direction
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change path 1s twisted 1n such a manner that a locus of top of
the Gothic arch groove shape approaches the contact angle

line at the scooping portion.

The mvention of claim 2 1s characterized in that in the
motion guide device according to claim 1, the direction
change path has a twisting area and a non-twisting area, and
a tangential direction of the locus of the top of the Gothic arch
groove shape becomes continuous at a boundary between the
twisting area and the non-twisting area.

The mvention of claim 3 1s a motion guide device compris-
ing: a track member having a ball rolling groove formed
therein; a moving member having formed therein a loaded
ball rolling groove facing the ball rolling groove, a ball return
path extending in parallel with the loaded ball rolling groove
and a direction change path connecting the loaded ball rolling
groove and the ball return path; and a plurality of balls
arranged 1n a ball circulation path imncluding the loaded ball
rolling groove, the ball return path and the direction change
path, after rolling in the ball rolling groove of the track mem-
ber each of the balls being scooped up into the direction
change path by a scooping portion of the direction change
path, and the ball in the direction change path being returned
to the ball rolling groove by the scooping portion, wherein the
direction change path 1s inclined relative to a contact angle
line (line connecting a center of the ball and a bottom of the
ball rolling groove) when seen in an axial direction of the
track member, the scooping portion has a cross section of
Gothic arch groove shape formed of two arcs so as to be 1n
contact with the ball at two points, and a top of the Gothic arch
groove shape at the scooping portion 1s positioned 1n prox-
imity to the contact angle line.

Eftects of the Invention

According to the invention of claim 1, even if the direction
change path 1s inclined relative to the contact angle line, each
ball 1s prevented from being in contact with only one side of
the two-side Gothic arch groove shape. In other words, the
scooping portion scoops up the ball with use of both sides of
the Gothic arch groove shape and returns the ball from the
direction change path into the ball rolling groove with use of
the both sides of the Gothic arch groove shape. Hence, even
when the moving member 1s moved at high speed, the scoop-
ing portion 1s prevented from being damaged.

According to the invention of claim 2, the tangential direc-
tion of the locus of the top of the Gothic arch groove shape 1s
continuous at the boundary between the twisting area and the
non-twisting area of the direction change path. With this
structure, a ball 1 two-point contact with the Gothic arch
groove does not change 1ts rolling direction abruptly but
gradually. Therefore, smooth circulation of the ball 1s
allowed.

According to the invention of claim 3, even if the direction
change path 1s inclined relative to the contact angle line, each
ball 1s prevented from being in contact with only one side of
the two-side Gothic arch groove shape. In other words, the
scooping portion scoops up the ball with use of both sides of
the Gothic arch groove shape and returns the ball from the
direction change path into the ball rolling groove with use of
the both sides of the Gothic arch groove shape. Hence, even
when the moving member 1s moved at high speed, the scoop-
ing portion 1s prevented from being damaged.
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4
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view 1llustrating a ball spline
according to a first embodiment of the present invention;

FIG. 2 1s a cross sectional view of the ball spline taken
along the axial line;

FIGS. 3(A) to 3(C) are views each illustrating an end plate
(FIG. 3(A) being a back side view, FIG. 3(B) being a side
view and FIG. 3(C) being a front view);

FIGS. 4(A) to 4(B) are views showing the definitions ol the
contact angle line (FIG. 4(A) showing the contact angle line
of the circular arc groove shape, and FIG. 4(B) showing the
contact angle line of the Gothic arch groove shape);

FIG. 5 1s a detailed view of the direction change path;

FIG. 6 1s a detailed view of the direction change path;

FIG. 7 1s a detailed view of the F part in FIG. 6;

FIG. 8 1s a detailed view of the B part in FIG. 6;

FIG. 9 15 a view taken along the arrows K-K 1n FIG. 3(A);

FIGS. 10(A) to 10(B) are perspective views of the direction
change path (FIG. 10(A) showing a conventional non-twist-
ing locus of the top of the Gothic arch groove shape and FIG.
10(B) showing a twisting locus of the top of the Gothic arch
groove shape);

FIG. 11 1s a perspective view of the outer side of the
direction change path;

FIG. 12 15 a perspective view showing another example of

the direction change path;
FIGS. 13(A) to 13(D) are detailed views of the direction

change path of FIG. 12 (FIG. 13(A) being a front view, FIG.
13(B) being a plane view, FIG. 13(C) being a left side view
and FIG. 13(D) being a right side view);

FIGS. 14(A) to 14(B) are graphs showing the relation
between the distance r and the inclination 0 (FIG. 14(A) being
ol a conventional example in which the tangential direction of
the locus 1s not continuous and FIG. 14(B) being of an
example where the tangential direction of the locus 1s con-
tinuous);

FIG. 15 1s a cross sectional view illustrating a conventional
motion guide device;

FIG. 16 1s a cross sectional view illustrating a conventional
scooping portion;

FIG. 17 1s a view showing inclination of the direction
change path seen in the axial direction of the track rail (con-
ventional example); and

FIG. 18 1s a cross sectional view showing a linear guide

having an inclined direction change path (conventional
example).

BRIEF DESCRIPTION OF REFERENC.

(L]
p

1 ... track shaft (track member)
.. ball rolling groove

2 . .. spline nut (moving member)
.. . loaded ball rolling groove
3...ball
4 . .. ball circulation path
9 ... ball return path

10 ..

. direction change path
17 .. . scooping portion
18 .. . locus
21 ... top
24 . . . boundary
S1 . .. twisting area
S2 ... non-twisting area

t1 . . . tangential direction of the locus
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BEST MODES FOR CARRYING OUT THE
INVENTION

With reference to the attached drawings, the present inven-
tion will now be described in detail below. FIG. 1 1llustrates a
motion guide device (ball spline) according to a first embodi-
ment of the present mvention. A track shait 1 as a track
member has an outer surface on which ball rolling grooves 1a
are formed extending in the axial direction. A spline nut 2 as
a moving member 1s inserted onto the track shaft 1. The spline
nut 2 has an mnner surface on which loaded ball rolling
grooves 2a are formed facing the respective ball rolling
grooves la (see the cross sectional view of FIG. 2). In order to
enable ball circulation, circular ball circulation paths 4 are
formed 1n the spline nut 2. In these ball circulation paths 4, a
plurality of balls 3 1s arranged. Between each two of balls 3,
a spacer 3 1s arranged for preventing contact between the balls
3.

On the surface of the track shait 1, a plurality of raised
threads 15 1s formed extending 1n the axial direction. At each
side of each raised thread 1b, one ball rolling groove 1a 1s
formed extending 1n the axial direction of the track shait 1.
Each raised thread 15 1s sandwiched between two ball rolling
grooves 1a 1n order to bear torques on the spline nut 2.

Each ball rolling groove 1a 1s a circular arc groove having,
a cross section formed of a single arc (see FIG. 4). The
curvature radius of the ball rolling groove 1a 1s slightly larger
than the radius of each ball 3. The ball rolling groove 1a and
cach ball 3 are 1n contact with each other at one point having
a certain contact area. The line connecting the center C of the
ball 3 and the bottom P1 of the ball rolling groove 1a 1s called
contact angle line LL1. The contact angle line L1 1s described
in detail later. Here, the ball rolling groove 1a may be formed
as a Gothic arch groove having a cross section formed of two
arcs.

As shown 1n FIG. 1, the spline nut 2 inserted onto the track
shaft 1 has a nut main body 6 having the loaded ball rolling
grooves 2a, a retainer 7 mounted 1n the nut main body 6 to
prevent balls 3 from dropping from the spline nut 2 and a pair
of end plates 8 attached to respective ends 1n the travelling
direction of the nut main body 6.

The cross-sectional shape of each loaded ball rolling
groove 2a of the nut main body 6 1s formed as a circular arc
groove having a cross section formed of a single arc or a
Gothic arch groove having a cross section formed by two arcs.

In the retainer 7, a ball return path 9 1s formed 1n parallel
with the loaded ball rolling groove 2a of the spline nut 2.
Besides, 1n this retainer 7, the iner side of a U-shaped direc-
tion change path 10 1s formed connecting the loaded ball
rolling groove 2a and the ball return path 9. This retainer 7
holds balls 3 arranged in the loaded ball rolling groove 2a so
as to prevent the balls 3 from dropping from the spline nut 2
when the spline nut 2 1s removed from the track shaft 1.

In each end plate 8 the outer side of the direction change
path 10 1s formed. The retainer 7 and the end plate 8 are
combined 1nto the U-shaped direction change path 10.

The loaded ball rolling groove 2a, the ball return path 9 and
the paired direction change paths 10 consist 1n a circular ball
circulation path. When the spline nut 2 1s moved relative to the
track shaft 1, balls 3 roll, under load, 1n the axial direction, in
the loaded rolling path between the ball rolling groove 1a and
the loaded ball rolling groove 2a. Once reaching one end of
the loaded rolling path, each ball 3 1s scooped up by a scoop-
ing portion formed in the direction change path 10 of an end
plate 8 and 1s brought into the direction change path 10. Then,
the travelling direction of the ball 3 1s reversed by the direc-
tion change path 10, and the ball 3 enters the ball return path
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6

9. After the ball 3 has passed through the ball return path 9, the
direction of the ball 3 i1s reversed again by an opposite-side
direction change path 10 and the ball 3 1s returned from the
scooping portion of the end plate 8 into the loaded rolling
path.

FIGS. 3(A) to 3(C) illustrate an endplate 8. In the back
surface 8a of the end plate 8, the outer side of the direction
change path 10 1s formed. The mnner side of the direction
change path 10 1s formed 1n the retainer 7 as described above.
The endplate 8 and the retainer 7 are combined to form the
direction change path having an approximately circular cross
section. In the back surface 8a of the end plate 8, projections
12 are provided to position the end plate 8 relative to the
retainer 7. Besides, in the end plate 8, there are through holes
13 formed for mounting the end plate 8 onto the retainer 7. As
shown 1n F1G. 1, the end plate 8 1s covered with a ring-shaped
cover 14. In the front surface 85 of the end plate 8, screw holes
15 are formed for mounting the cover 14 to the end plate 8.

As shown 1n FIG. 3(A), the center line L2 of the direction
change path 10 seen 1n the axial direction of the track shait 1
does not agree with the contact angle line L1 and crosses the
contact angle line L1 at the angle o1 0 degree (Tor example, 45
degrees). In some ball splines and linear guides, the direction
change path 10 1s thus inclined so as to solve the problem of
space. This embodiment approaches such a problem as arises
when the direction change path 10 1s thus inclined.

Belore the shape of the direction change path 10 of the end
plate 8 1s described in detail, the contact angle line L1 1s
defined and the basic design 1dea of the direction change path
10 15 explained.

FIGS. 4(A) and 4(B) illustrate the contact angle line L1.
The contact angle line L1 1s a line connecting the center C of
the ball 3 and the bottom P1 of the ball rolling groove 1a. The
cross-sectional shape of the ball rolling groove 1a may be a
circular arc groove shape of a single arc as shown in FI1G. 4(A)
or a Gothic arch groove shape formed of two arcs as shown 1n
FIG. 4(B). In the case of the circular arc groove shape, the
bottom P1 of the ball rolling groove agrees with the contact
point C1 between the ball 3 and the ball rolling groove 1a.
Hence, the contact angle line L1 1n the case of the circular arc
groove shape 1s defined as a line connecting the center C of the
ball 3 and the contact point C1 between the ball 3 and the ball
rolling groove 1a. On the other hand, 1n the case of the Gothic
arch groove shape, the bottom P1 of the ball rolling groove 1a
1s shifted from the contact points C2 and C3 between the ball
3 and the two arcs, and matches the intersection of the two
arcs. The contact angle line L1 in the case of the Gothic arch
groove shape 1s defined as a line connecting the center of the
ball 3 to the intersection P1 which is the bottom of the ball
rolling groove 1a.

FIG. 5 15 a detailed view of the direction change path. The
right side view of FIG. 5 1s a front view of the direction change
path 10 seen 1n the axial direction of the track shait 1, while
the left side view of FIG. 5 1s a side view of the direction
change path 10. The direction change path 10 has at 1ts lower
end a scooping portion 17, which scoops up each ball 3 rolling
in the ball rolling groove 1a 1nto the direction change path 10
and returns the ball 3 from the direction change path 10 into
the ball rolling groove 1a.

Over the whole length of the direction change path 10, the
cross section of the direction change path 10 1n a plane per-
pendicular to the rolling direction of the ball 3 1s shaped as a
(Gothic arch formed of two arcs. Theretfore, the direction
change path 10 and each ball 3 are in contact with each other
at two points. The locus 18 of the top (intersection of the two
arcs) of the Gothic arch groove 1s positioned at the outermost
side of the direction change path 10. This 1s for bearing the
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force of the balls 3 pushing the direction change path 10
toward the outside by the centrifugal force.

Then, the direction change path 10 1s twisted halfway as 1t
becomes closer to the ball rolling groove 1a (lower end of the
direction change path). Since the direction change path 10 1s
twisted, the locus 18 of the top of the Gothic arch groove goes
away from the outermost locus 19 (shown by the broken line
in the figure) as 1t 1s closer to the ball rolling groove 1a (lower
end of the direction change path), and the locus 18 becomes
closer to the contact angle line LL1. The locus 18 of the top of
the Gothic arch groove 1s 1deally positioned on the contact
angle line L1 ultimately. However, as the scooping portion 17
of the direction change path 10 1s slightly shifted back from
the end 20 of the ball rolling groove 1a, the top 21 at the tip
end of the scooping portion 17 does not reach the contact
angle line L1 and 1s slightly shifted thereform as shown in the
right side view of FIG. 5. This 1s also clear from FIG. 6
explained below.

FI1G. 6 1s a detailed view showing the direction change path
10 of an actually designed end plate 8. As shown in the B-B
cross section, the direction change path 10 1s divided into a
left-side area where the locus of the top of the Gothic arch
groove 1s not twisted (non-twisting area) and a right-side area
(twisting area) (area of a.=0 to 90 degrees).

As shown 1n the F-F cross section on FIG. 6 and 1ts detailed
view on FIG. 7, the cross section of Gothic arch groove has
two arcs R1 and R1. The line L. 13 connecting the center C of
the ball 3 to the point P where the Gothic arch groove and the
ball 3 are 1n contact with each other and the line .12 connect-
ing the center C of the ball 3 to the bottom 23 of the Gothic
arch groove crosses each other at the contact angle al ofmore
than 30 degrees (the angle a1 1s preferably set to range from
40 degrees to 60 degrees, inclusive). Also at the scooping
portion 17 at the tip end of the direction change path 10, the
contact angle al 1s set 1n the same way. When the contact
angle a1 1s increased, the thickness of the scooping portion 17
1s allowed to be increased.

As shown 1n the H-H cross section on FIG. 6, when the
angle . 1s changed from 0 degree to 90 degrees, the locus of
the top of the Gothic arch groove 1s gradually twisted. In this
area, as shown in the detailed view on FI1G. 8, the middle point
PC between the center points of the two arcs R1 of the Gothic
arch groove shape 1s positioned a given distance A away from
the ball rotational center for direction change, and the middle
point PC 1s used as a center to draw an arc of p degree, and
thereby the Gothic arch groove shape 1s formed. In this area,
the line L3 connecting the center C of the ball 3 and the
bottom 23 of the Gothic arch groove shape forms an angle of
3 degree relative to the center line L2 of the cross section of
the direction change path 10. As shown 1n FIG. 6, the Gothic
arch groove shape 1s changed continuously from the F-F
cross-sectional shape to the H-H cross-sectional shape, with
the transition of ¢=0 degree to 90 degrees. Finally, in the J-J
virtual cross section, the angle 3 becomes 45 degrees and
agrees with the inclination of the center line L2 of the direc-
tion change path relative to the contact angle line LL1. Here,
this agreement 1s only shown 1n the J-J virtual cross section,
and actually, as the tip end of the scooping portion 17 1s
displaced back from the end 20 of the ball rolling groove 1a,
the center line L2 of the direction change path 10 1s displaced
from the contact angle line L1 correspondingly.

FI1G. 9 1s a view taken along the arrows K-K of FIG. 3(A).
The shape of the scooping portion 17 finally becomes as
shown 1n this figure.

FIGS. 10(A) and 10(B) are views for comparing a conven-
tional non-twisting locus 18 of the top of the Gothic arch
groove shape (FIG. 10(A)) with a twisting locus 18 of the
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present embodiment (FIG. 10(B)). As seen1n FIG. 10(B), the
locus 18 1s twisted toward the scooping portion 17. Besides,
as the locus 18 1s twisted, the shape of the scooping portion 17
1s analogous to a symmetrical shape with respect to the locus
18. Here, the twisting of the locus 1s also seen from the
perspective view of the outer side of the direction change path

10 on FIG. 11. In FIG. 11, the broken line shows the locus of
the conventional design.

As shown 1n FIG. 5, as the locus 18 of the top of the Gothic

arch groove shape 1s made close to the contact angle line L1
at the scooping portion 17 of the direction change path 10, the
scooping portion 17 comes to scoop up each ball 3 in the
direction of the contact angle line 1. The scooping portion
17 acts to scoop up the ball not at one, but equally both of the
two arcs sides of the Gothic arch groove shape. Therefore, the
scooping portion needs not bear any unnecessary force, and
even 11 the spline nut 2 1s moved at high speed, the scooping
portion 17 1s prevented from being damaged.

FIG. 12 shows another example of the direction change
path 10. In FIG. 12, in order to easily recognize the locus 18
of the top of the Gothic arch groove shape, the direction
change path 10 to which the Gothic arch groove shape is
transierred, that 1s, a space that fits to the Gothic arch groove
shape 1s shown. The direction change path 10 1s divided 1nto
a twisting area S1 and a non-twisting area S2. In the direction
change path 10 of this example, the tangential direction of the
locus 18 1s continuous at the boundary 24 between the twist-
ing areca S1 and the non-twisting areca S2. Besides, as
approaching to the scooping portion 17, the tangential direc-
tion of the locus 18 1s inclined gradually. The ultimate posi-

tion of the locus 18 at the scooping portion 17 1s the same as
that of the locus 18 shown 1n FIG. 13.

FIGS. 13(A)to FIG. 14(B) are used as a basis to explain the
“continuous tangential direction of the locus 18”. FIGS.
13(A) to 13(D) are detailed views of the above-mentioned
direction change path. FIG. 13(A) 1s a front view thereof,
FIG. 13(B) 1s a plane view thereof, FIG. 13(C) 1s a left side
view thereof and FIG. 13(D) 1s a right side view thereof. As
shown 1n FIG. 13(A), it 1s assumed that the distance from the
end of the direction change path 10 along the outer periphery
of the direction change path 10 1s r. As shown 1n FIG. 13(B),
an angle formed by the tangential direction t1 of the locus 18
and the virtual locus 25 on the assumption that the direction
change path 10 1s not twisted 1s indicated by the inclination A.

FIGS. 14(A) and 14(B) are graphs showing the relation
between the distance r and the inclination 0. FIG. 14(A) 1s a
graph of the comparative example where the tangential direc-
tion of the locus 18 1s discontinuous, and FIG. 14(B) 1s a
graph of the example where the tangential direction of the
locus 18 1s continuous as shown 1n FIG. 12 and FIGS. 13(A)
to 13(D). The locus 18 shown in FIG. 15 1s inclined abruptly
at the boundary between the twisting area and the non-twist-
ing are of the direction change path 10 and linearly at a certain
angle. As the locus 1s thus inclined, the inclination 6 becomes
discontinuous at the boundary 24 between the twisting area
S1 and the non-twisting area S2.

On the other hand, 1n this example, as shown in FIG. 12 and
FIGS. 13(A) to 13(D), at the boundary 24 between the twist-
ing arca S1 and the non-twisting area S2, the tangential direc-
tion t1 of the locus 18 1s continuous, and as 1t approaches to
the scooping portion 17, the tangential direction t1 of the
locus 18 1s inclined gradually. With this gradual inclination,
as shown in FIG. 14(B), the inclination 0 1s zero at the bound-
ary 24 and becomes larger and larger 1n the twisting area S1.
As the inclination angle 0 becomes continuous, the ball 3 in
two-point contact with the Gothic arch groove changes its
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rolling direction not abruptly, but gradually. Hence, the ball 3
1s allowed to circulate smoothly.

The present mvention 1s not limited to the above-men-
tioned first embodiment and may be embodied 1n various
forms without departing from the scope of the present mnven-
tion. For example, the present invention 1s not limited to a ball
spline but may be applied to a linear guide as long as the
direction change path 1s inclined relative to the contact angle
line when seen 1n the axial direction of the track member.

Further, the Gothic arch groove may not be formed over the
whole length of each direction change path or may be formed
in at least a part of the direction change path including the
scooping portion. In the other part of the direction change
path, the cross-sectional shape 1s preferably changed from the
Gothic arch groove shape to the circular arc groove shape
gradually. The groove transition area in which the cross-
section shape 1s changed gradually 1s preferably formed from
the position of =0 degree to 90 degrees toward the ball return
path (see FIG. 6). As the cross-sectional shape of the ball
return path 1s formed as a circle, 11 the connection point of the
ball return path and the direction change path 1s shaped hav-
ing a circular arc groove, the cross-sectional shape of the
direction change path and the cross-sectional shape of the ball
return path can conform to each other. This enables smooth
circulation of balls.

EXAMPLE

The inventors of this application manufactured a ball spline
according to the first embodiment and conducted a high-
speed durability test. For a conventional end cap, the scooping
portion was damaged at 1,000 km, however, for a high-speed
capable end cap the scooping portion was not damaged even
after 10,000 km of moving.

The present specification 1s based on Japanese Patent
Application No. 20035-318110 filed on Nov. 1, 2003, the
entire contents of which are expressly incorporated by refer-
ence herein.

The mvention claimed 1s:

1. A motion guide device comprising: a track member
having a ball rolling groove formed therein; a moving mem-
ber having formed therein a loaded ball rolling groove facing,
the ball rolling groove, a ball return path extending in parallel
with the loaded ball rolling groove and a direction change
path connecting the loaded ball rolling groove and the ball
return path; and a plurality of balls arranged 1n a ball circu-
lation path including the loaded ball rolling groove, the ball
return path and the direction change path, after rolling in the
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ball rolling groove of the track member each of the balls being,
scooped up into the direction change path by a scooping
portion of the direction change path, and the ball 1n the direc-
tion change path being returned to the ball rolling groove by
the scooping portion,

wherein the direction change path 1s inclined relative to a

contact angle line connecting a center of the ball and a
bottom of the ball rolling groove, when seen 1n an axial
direction of the track member,

the direction change path including the scooping portion

has a cross section of Gothic arch groove shape formed
of two arcs 1n such a manner that the ball 1s 1n contact
with the direction change path at two points, and

the direction change path 1s twisted 1 such a manner that a

locus of top of the Gothic arch groove shape approaches
the contact angle line at the scooping portion.

2. The motion guide device according to claim 1, wherein
the direction change path has a twisting area and a non-
twisting area, and a tangential direction of the locus of the top
of the Gothic arch groove shape becomes continuous at a
boundary between the twisting areca and the non-twisting
area.

3. A motion gude device comprising: a track member
having a ball rolling groove formed therein; a moving mem-
ber having formed therein a loaded ball rolling groove facing
the ball rolling groove, a ball return path extending in parallel
with the loaded ball rolling groove and a direction change
path connecting the loaded ball rolling groove and the ball
return path; and a plurality of balls arranged 1n a ball circu-
lation path including the loaded ball rolling groove, the ball
return path and the direction change path, after rolling 1n the
ball rolling groove of the track member each of the balls being
scooped up into the direction change path by a scooping
portion of the direction change path, and the ball 1n the direc-
tion change path being returned to the ball rolling groove by
the scooping portion,

wherein the direction change path 1s inclined relative to a

contact angle line connecting a center of the ball and a
bottom of the ball rolling groove, when seen 1n an axial
direction of the track member,

the scooping portion has a cross section of Gothic arch

groove shape formed of two arcs so as to be 1n contact
with the ball at two points, and

a top of the Gothic arch groove shape at the scooping

portion 1s positioned 1n proximity to the contact angle
line.
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